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Abstract	
	
Observations	have	been	carried	out	by	means	of	Himawari‐8	satellite	from	space	and	lidar	
systems	from	surface	to	retrieve	aerosol	optical	properties.	The	high	temporal	resolution	of	Himawari‐8	satellite	is	employed	to	derive	the	surface	reflectance	using	band	1	to	6	and	 brightness	 temperature	 using	 band	 7	 to	 16.	 The	 near‐surface	 aerosol	 extinction	
profiles,	 on	 the	 other	 hand,	 are	 measured	 using	 a	 plan	 position	 indicator	 (PPI)	 lidar	coupled	with	a	slant	path	(SP)	lidar	as	well	as	ground‐based	sampling	instruments.	The	wavelengths	are	349	and	532	nm	for	PPI	and	SP	lidars,	respectively.	The	general	intention	
of	 these	 observations	 is	 twofold.	 First,	 we	 verify	 the	 consistency	 of	 the	 lidar	 data	 in	retrieving	aerosol	extinction	with	the	aerosol	data	measured	using	sampling	instruments,	namely	an	integrating	nephelometer,	aethalometer,	and	an	optical	particle	counter.	The	
difference	 in	humidity	conditions	between	 the	 instrumental	and	ambient	 conditions	 is	
taken	 into	 account	 through	 the	 Mie‐scattering	 calculation.	 Second,	 the	 horizontal	distribution	 measured	 with	 the	 PPI	 lidar	 is	 compared	 with	 the	 aerosol	 distribution	
derived	 from	 satellite	 data	 of	 Himawari‐8,	 in	 addition	 to	 less	 frequently	 observed	Landsat‐8	and	MODIS	imagery.	In	this	paper,	we	describe	recent	results	of	our	analysis	based	on	lidar	observations	synchronized	with	satellite	overpass.		
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1. Introduction	
Aerosols	 are	 liquid	 and	 solid	 particles	 originated	 from	 both	 natural	 and	
anthropogenic	sources	particles.	Aerosols	exerts	impact	on	radiation	balance	of	the	Earth	
atmosphere	 directly	 and	 indirectly	 that	 can	 be	 analyzed	 by	 employing	 their	 physical	
properties	 (IPPC	 2007).	 To	 obtain	 better	 understanding	 of	 aerosols,	 we	 need	 the	
monitoring	technique	that	enables	the	retrieval	of	their	optical	properties.	Optical	remote	
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sensing	 from	 ground‐based	 instruments	 as	 upward	 looking	 and	 satellite	 platforms	 as	
downward	 looking	 can	 provide	 good	 understanding	 of	 aerosol	 optical	 characteristics	
(Kuze	 2012b).	 	 The	 aerosol	 parameters	 have	 routinely	 observed	 by	 the	 atmospheric	
group	of	the	Center	for	Environmental	Remote	Sensing	(CEReS),	Chiba	University.	In	this	
report,	 the	 major	 instruments	 employed	 in	 concurrent	 measurement	 with	 satellite	
overpass	 are	 plan	 position	 indicator	 (PPI)	 and	 slant	 path	 (SP)	 lidars.	 Backscattering	
signals	recorded	by	lidar	systems	are	analyzed	by	Fernald	method	to	obtain	the	aerosol	
extinction	coefficient	(Fernald	1984;	Klett	1985).	In	processing	data	we	need	lidar	ratio	
that	 can	 be	 obtained	 by	 Mie	 calculation	 by	 employing	 ground‐based	 instruments	
(Jaenicke	1993;	Bagtasa	et	al.	2007).	Since	the	elevation	angles	of	PPI	and	SP	lidars	are	
small	(10°	for	PPI	and	30°	for	SP),	the	major	target	of	these	 instruments	 is	the	aerosol	
particles	in	the	atmospheric	boundary	layer.				
2. Instruments	and	Methods	
	
The	ground	instruments	consist	of	plan	position	indicator	(PPI)	and	slant	path	(SP)	
lidars.	Besides,	there	are	nephelometer,	aethalometer,	particle	counter,	sunphotometer,	
and	weather	detector,	all	of	which	are	operated	routinely.	The	PPI	lidar,	installed	at	the	
roof	top	of	9th	floor	of	CEReS	building	about	30	m	above	the	ground	as	shown	in	Fig.	1a.	
The	SP	lidar	utilize	a	diode‐laser‐pumped	Nd:YAG	laser	at	532	nm	with	200	μJ/pulse	and	
1000‐3000	Hz	pulse	repetition	rate.	A	photo	multiplier	tube	and	a	transient	recorder	for	
recording	the	signals	as	shown	in	Fig.	1b	(	Kuze,	2012a,	2012b;	Mabuchi	et	al.,	2012).	
	 
Figure	1.	The	PPI	and	SP	lidars	installed	on	the	9th	and	5th	respectively	of	CEReS	building.		
	
A	 high‐spectral	 resolution	 lidar	 (532	 nm)	 and	 a	 Raman	 lidar	 (355	 nm)	 are	 also	
installed	for	the	direct	measurement	of	the	lidar	ratio	(S1).	In	order	to	monitor	the	aerosol	
properties	inside	the	boundary	layer,	the	following	instruments	are	operated	on	the	same	
rooftop	as	the	PPI	lidar:	a	three‐wavelength	integrating	nephelometer	(TSI,	Model	3563),	
an	aethalometer	(Magee	Scientific,	AE‐31),	and	a	particle	counter	(Rion,	KC‐22B).	These	
instruments	 can	 provide	 continuous	 information	 on	 scattering,	 absorption,	 and	 size	
distribution,	 respectively,	 on	 aerosol	 particles	 sampled	 near	 the	 roof‐top	 level.	 In	
addition,	a	five‐wavelength	sunphotometer	is	routinely	operated	to	monitor	AOT	during	
the	 daytime	 (Mabuchi	 et	 al.	 2012).	 When	 the	 cloud	 influence	 is	 insignificant,	 the	
sunphotometer	 data	 can	 give	 good	 constraint	 on	 the	 aerosol	 retrieval	 from	 lidar	
measurements.	To	study	the	relative	humidity	effect	on	particulate	growth/	evaporation	
of	 hygroscopic	 aerosols,	we	 have	 compared	 the	 sampling	 data	with	 the	 visibility	 data	
provided	from	the	Chiba	station	data	of	JMA.	
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3. Results	and	Discussion	
	
Signal	of	both	PPI	and	SP	lidars	are	processed	using	the	Fernald	methods	to	obtain	
extinction	 coefficient	 (Fernald	 1984;	 Klett	 1985).	 Lidar	 ratio	 in	 Fernald	 method	 is	
obtained	 from	ground	based	 instruments	data	 in	Fig.	2	by	using	Mie	calculation	(Kuze	
2012a;	Mabuchi	et	al.	2012).	Employing	lidar	ratios	are	35	sr	for	PPI	and	30	for	SP,	the	
extinction	coefficient	can	be	computed	and	their	results	are	shown	in	Figs.	3	and	4.	
		
Figure	2.	Ground	based	instrument	data	retrieved	on	May	13th	2016.	
	
Figure	3.	Aerosol	extinction	coefficient	observed	using	PPI	lidar	on	May	13th	2016	at	15.00	JST		
	
Figure	4.	Aerosol	extinction	coefficient	observed	using	SP	lidar	on	May	13th	2016	at	15.00	JST	
Surface	 reflectance	 of	 solar	 energy	 (shortwave	 radiation)	 is	 an	 influential	
parameter	 for	aerosol	 retrieval	 from	satellite	 imagery.	This	parameter	 is	derived	 from	
Himawari	 8	 satellite	 data	 by	 processing	Bands	 3	 in	 the	 visible	 and	 near	 infrared	 (IR)	
wavelengths	 (Fig.	 5a).	 On	 the	 other	 hand,	 brightness	 temperature	 as	 the	 amount	 of	
thermal	infrared	(TIR)	radiation	traveling	upward	from	the	top	of	atmosphere	is	retrieved	
from	 Bands	 7‐14	 as	 infrared	 wavelength	 (Fig.	 5b).	 Because	 of	 the	 high	 temporal	
resolution,	 it	 is	 possible	 to	 characterize	 both	 surface	 reflectance	 and	 brightness	
temperature	precisely	from	Himawari‐8	data	(Bessho	et	al.	2015).		
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Figure	5.	Surface	reflectance	(albedo)	and	brightness	temperature	retrieved	from	Himawari‐8	satellite	band	3	
and	7	in	May	13th	2016	at	06.00	UTS	or	15.00	JST	same	time	with	PPI	and	SP	lidars.	
4. Conclusion	
	
In	 this	 paper	 we	 have	 described	 the	 recent	 attempt	 ongoing	 at	 CEReS,	 Chiba	
University,	for	elucidating	the	dynamic	behavior	of	aerosol	particles	in	the	atmospheric	
boundary	layer.	Various	instruments	including	PPI	and	slant‐path	lidars	are	operated	to	
evaluate	aerosol	parameters	concurrently	with	the	satellite	observations.	Especially,	the	
high	temporal	resolution	of	Himawari	8	and	high	spatial	resolution	of	Landsat	satellite	
are	considered	to	be	beneficial	for	better	comparison	with	and	interpretation	of	ground‐
based	 data.	 Such	 an	 approach	 is	 a	 good	 example	 of	 optical	 remote	 sensing	 based	 on	
satellite	as	well	as	ground‐based	observations	in	the	field	of	atmospheric	studies.		
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